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Abstract
Anovelweighmgmethodfbrｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓｉｓｓｅｔｕｐｉｎｔｈｉｓpaper・Themeasurement
principleisdescrｉｂｅｄａｎｄｔｈｅｅｓｔｉｍａｔｉｏｎｆｂｒｍｅａｓｕｒｅmentuncertaintybyGreyError
Theoryispresented・Theoreticalanalysisandexperimentalresearchshowthismethodcan
bｅｕｓｅｄｔｏｓｏｌｖｅｔｈｅｗｅｉｇｈｉｎｇｐroblemfbrin-motionvehicleswitharatherhighaccuracy．
Ｋｅｙｗｏｒｄｓ：Vehicleweighing,Measurementuncertainty,Greyestimation
１．１，troduction
Withthedevelopmentoftransportationandcarryingtrade，ｔｈｅｎｕｍｂｅｒｏｆｏｖｅｒ－ｌｏａｄｅｄ
ｖｅｈｉｃｌｅｓａｎｄｔｈｅｉｒｓｐｅｅｄｈａｓｇｏｔｌａｒｇｅｒａｎｄｌａｒｇｅｒ・Ｔｈｅｗｅｉｇｈｉｎｇｏｆｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓis
becomingveryimportantfbrtrafｆｉｃｓｕｐｅｒｖｉｓｉｏｎａｎｄｃｏｎｔｒｏｌｉｎｎｏｗａｄａｙｓThestrict
regulationsfOrtheloadａｎｄｓｐｅｅｄｏｆｉｎ－ｍｏｔｉｏｎｖｅｈｉｃｌｅｓｗｏｕｌｄｔｈｕｓｂｅｎｅｃｅｓｓａｒｙｂｅｃａｕｓｅ
ｔｈｅｏｖｅr-loadedvehiclesandtheirhighspeedwouldprobablycauseseriousprｏｂｌｅｍｓｓｕｃｈ
ａｓｄａｍａｇｅｔｏｔｈｅｒｏａｄｓ，ｐｕｂｌｉｃｎｕｉｓａｎｃｅｄｕｅｔｏｎｏｉｓｅｏｒｖｉｂｒａｔｉｏｎａｎｄ,ｗｈａｔｉｓｍｏｒｅ，they
couldbeoneofthehiddentroublesoftheserioustrafficaccidents[Ｌ２１
Ｔｈｅｗｅｉｇｈｉｎｇｉｎｓｔｒｕｍｅｎｔｕｓｅｄｔｏcontroltheover-loadedvehiclesinmanyhighwaysis
usuallyaxle-weighingsystemThissystemgivesthetotalweiｇｈｔｏｆａｖｅｈｉｃｌｅｂｙｍｅａｓｕｒｉｎｇ
ｅａｃｈａｘｌｅｗｅｉｇｈｔａｓｉｔｐａｓｓｉｎｇｔｈｒｏｕｇｈａｓｐｅcificroad-weighbridgeTakingtheｖｉｂｒａｔｉｏｎ
ｃｏｍｐｏｎｅｎｔｃａｕｓｅｄｂｙｔｈｅｍotionofvehiclemtoaccount，ｔｈｅｍｅａｓｕｒｅｄｓｉｇｎａｌｓａｒｅｕｓｅｄｔｏ
ｅｓｔｉｍａｔｅｔｈｅｔｏｔａｌｗｅｉｇｈｔ
ｌｎｒｅｃｅｎｔｙｅａｒｓｔｈｅｒｅａｒｅｓｏｍｅｎｅｗｍｅｔｈｏｄｓａｎｄｔｈｅoreticalapproachindynamicmass
(ｗeight)measurementM・AmongthemtheFrequency-ControlledMethod[5]ｉｓｏｎｅｏｆｔｈｅ
ｍｏｒｅａｃｃｕｒａｔｅｍｅｔｈｏｄＴｈerefbreitismoredesｉｒａｂｌｅｆｂｒｍａｓｓｍｅａｓｕｒｅｍｅｎｔｕｎｄｅｒ
ｗeightlessconditions・
Ｉｎｔｈｉｓｐａｐｅｒｗｅｐｒｏｐｏｓｅｄａｐｒａｃｔｉｃａｌｗｅｉｇｈｉｎｇｍｅｔｈｏｄ、Ｔｈｉｓｍｅｔｈｏｄｉｓａｐｐｌｉｅｄｔｏｔｈｅ
ｒｅａｌｄａｔａｏｆｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕｃｋｓｉｎｍａｎydifferentsituationsAnovelalgoｒｉｔｈｍｍｏｄｅｌ
ｕｓｉｎｇＧｒｅｙＥｒｒｏｒＴｈｅｏｒｙ[6］ｔｏｅｓｔｉｍａｔｅｔｈｅｍｅａｓｕｒｉｎｇａｃｃｕｒａｃｙｉｓａｌｓｏｄｅｖｅｌｏｐｅｄＴｈｅ
ｍｅａｓｕｒｅｍｅｎｔｒｅｓｕｌｔｉｓａｌｓｏｃｏｍｐａｒｅｄｔｏｔｈｅｃｏｎｖｅｎｔｉｏｎａｌｍｅｔｈｏｄｔｏｄｅｔｅｒｍｉｎｅｔｏｔａｌ
ｗｅｉｇｈｔｓｏｎｔｈｅａｃｃｕｒａｃｙｏｆｔｈｅｏｂｔａｉｎｅｄｖａｌｕｅｓＴｈｅｉｍｐｒｏｖｅｍｅｎｔｂｙｔｈｉｓｍｅｔｈｏｄａｎｄｔｈｅ
ｎｅｗａｌｇｏｒｉｔｈｍｍｏｄｅｌｏｎｔｈｅａｃｃｕracycanbeshownclearly．
1６６ lbshiroONo,ZhongyuWANGandShinsakunJIMoTo
2．ＭｅａｓｕｒｅｍｅｎｔＰｒｉｎｃｉｐｌｅａｎｄＥｘｐｅｒｉｍeｎｔｓ
２１MeasurementPrinciple
Thedetectｏｒｏｆｔｈｅｗｅｉｇｈｉｎｇｓｙｓｔｅｍｉｓａｒｏａｄ－ｗeighbridgethatisinstalledintheｒｏａｄ，
suchthatthesurfaceoftheroad-weighbridgeisjustatthesameleveloftheroadThe
roadweighbridgeisneａｒｌｙａｓｌｏｎｇａｓｔｈｅｄｉａｍｅｔｅｒｏｆａｔｉｒｅ．
anAxleWeighlngSystem
Fig、１Aroad-weighbridgeofanaxleweighingsystem
ＡｓｓｈｏｗｎｉｎＦｉｇ､１，theaxleweighingsystemmeasureseａｃｈａｘｌｅｗｅｉｇｈｔｏｆａｖｅｈｉｃｌｅ
ｗｈｉｌｅｉｔｐａｓｓｅｓｔｈｅｒｏａｄ－ｗｅｉｇｈｂｒｉｄｇｅＴｈｅｔｏｔａｌｗｅｉｇｈｔｏｆｔｈｅｖｅｈｉｃｌｅｃｏｕｌｄｂｅｅｓｔｉｍａｔｅｄ
ｂｙｕｓｉｎｇｔｈｅｗｈｏｌｅｓｉｇｎａｌｓｔｈａｔａｒｅｏｂｔａｉｎｅｄｗｈｉｌｅｔｈｅｖｅｈｉｃｌｅｐassesthroughthe
road-weighbridge
Theconventionalcalculatingmeｔｈｏｄｉｎｔｈｅａｘｌｅｗｅｉｇｈｉｎｇｓｙｓｔｅｍｓｉｓcalled
"MeanValueMethod，'・Ｂｙｔａｋｉｎｇｍｅａｎｖａｌｕｅｏｆｅａｃｈｓｅｇｍｅｎｔｅｄｐａｒｔｏｆｔｈｅｓｉｇｎａｌｏｂｔａｉｎｅｄ
ｗｈｉｌｅｔｈｅａｘｌｅｉｓｃｏｍｐｌｅｔｅｌｙｏｎｔｈｅｒｏａｄ－ｗeighbridge，ｅａｃｈａｘｌｅｗｅｉｇｈｔｃａｎｔｈｕｓｂｅ
determined[7]．
Ｈｏｗｅｖｅｒｔｈｉｓｍｅｔｈｏｄｄｏｅｓｎｏｔｔａｋｅｔｈevibrationcomponentintoaccount，ａｎｄｔｈｕｓｔｈｅ
ａｃｃｕｒａｃｙｏｆｔｈｅｄｅｔｅｒｍｉnedaxleweightsisinevitablylow・Ｗｅｄｏｎｏｔｔｈｉｎｋｉｔｗｏｕｌｄｂｅ
ａｃｃｅｐｔｅｄｆbrmorestrictregulationoftheover-loadedvehiclesinthefUture・
Bydoingcarefilllyanalysisfbrtiｍｅbehaviorofthesignalfromtheroad‐
weighbridgeespeciallythevibratiｏｎｃｏｍｐｏｎｅｎｔｃontainedinthemeasurementprocess，
ｗｅｈａｖｅｍａｄｅｃｌｅａｒｔｈｅｃａｕｓｅｏｆｔｈｅｖｉbrationsThedynamicequationsofthemotionmodel
weregiven,andanovelestimationmethodfbrtotalweightofin-motion
vehicleswassetup[8１
２．２Ｅｘｐｅｒｉｍｅｎｔｓ
Ｔｈｅｍｅｔｈｏｄｗａｓａｐｐｌｉｅｄｔｏｒｅａｌｄａｔａｏｆｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕckswith2axlesand
cab-over-enginｅｔｒｕｃｋｓｗｉｔｈ３ａｘｌｅｓｉｎｍａｎｙｓｉｔｕａｔｉons・Ｔｈｅｍａｘｉｍｕｍａｕｔｈｏｒｉｚｅｄｐａｙｌｏａｄ
ｏｆｔhecab-over-enginetruckwith2axlｅｓａｎｄｔｈｅｃａｂ－ｏｖｅｒ－ｅｎｇｉｎｅｔｒｕｃｋｗｉth3axlesused
intheexperimentsis8,000kgand10,000kg,respectively[8１
Ｉｎｔｈｉｓｐａｐｅｒｗｅｏｎｌｙｄｉｓｃｕｓｓｔｈeconditionsofcab-over-enginetruckwith3axles，ｔｈｅ
ｍａｘｉｍｕｍａｕｔｈｏｒｉｚｅｄｐａｙｌｏａｄｏｆｌ0,000ｋｇ，ａｎｄｔｈｅｏｖｅｒ－ｌｏａｄｅｄｏｆ１５０％withavelocityof
lOkm/hThelneasurementswereconductedindifferentplacesanddifferenttimeswith
differentloads．
Evalutionofanln-MotionVehicleWeighingMethodviaGreyEstimationModel 1６７
aGreyEstimationfOrMeasurementUncertainty
TheGreyErrorTheory[6]ｉｓａｎｅｗｔｈｅｏｒｙｄｅｖｅｌｏｐｅｄｉｎｒｅｃｅｎｔｙearsItisespeciallyused
tosolvethemeasurementissue,whichthetraditionalStatisticalTheoryisnotsuitable．
TａｂｌＨｏｋｋｏＷｅｓｔＳｔａｔｉｏｎ Ｔａｂ２ＴａｋａｉｓｈｉＳｔａｔｉｏｎ
WeightValue(kg） WeightValue(kg）
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ThemeasurementresultsindiffereｎｔｐｌａｃｅｓａｒｅｌｉｓｔｅｄｉｎＴａｂｓｌ－４ＴｈｅConventional
"MeanValueMethod，'［7]isabbreviatedby“Mean，'ａｎｄｔｈｅｎｏｖｅｌｍｅｔｈｏｄ[8］isabbreviated
by“Novel，，respectivelyinthetables・
WeuseGreyErrorTheorytocalculateitsGreyStandardDeviation[9｝（abbreviatedby
``ＧＳＤ''inthetable）Forcomparison,theNormalStandardDeviationderivedbyBessel
Formula['０]isalsolistedinthetable（abbreviatedby``Ｓ、，'inthetable）．
Ｆｒｏｍｔｈｅｔａｂｌｅｓｗｅｃａｎｓｅｅｔｈａｔ，ｔｈｅｄａｔａｓａｍｐｌｅｉｎｅａｃｈｓｔａｔｉｏｎｉｓｎｏｍｏｒｅｔｈａｎ６１ｔｉｓ
ｔｈｅｔｙｐｉｃａｌｌｅｓｓｓａｍｐｌｅｓｉｚｅｍｅａｓｕｒｅｍｅｎｔ・Ｉｎｔｈｉｓｃａｓｅ，ｗｅｄｏｎｏｔｋｎｏｗｉｔｓｄｉｓｔｒｉｂｕｔｉｏｎ
ｆｒｏｍexperienceａｎｄｉｔｉｓａｌｓｏｄｉｆｆｉｃｕｌｔｆＯｒｕｓｔｏｊｕｄgewhetheritobeyssometypical
statisticaldistributionsornot・TherefbrethｅＳｔａｔｉｓｔｉｃａｌＴｈｅｏｒｙｃａｎｎｏｔｂｅｕｓｅｄhereto
calculatethestandarddeviationofthemeasurement
168 Tb8hiroONo,ZhongyuWANGandShinsakuFbJIMoTo
４．Discussions
Fromtheabovetableswｅｃａｎｓｅｅｔｈａｔｔｈｅｅｒｒｏｒｏｆｔｈｅ“Novel''ｍｅｔｈｏｄｉｓｌｅｓｓｔｈａｎｔｈａｔｏｆ
ｔｈｅ“Ｍｅａｎ,，ｏｎｅｅｘｃｅｐｔＴａｂ､４，ｗｈｉｃｈｓｈｏｗｓｔｈｅｒｅｓｕｌｔｏｆｔｈｅｎｅｗｍｅｔｈｏｄｉｓｃｌｏｓｅｔｏｔｈｅｔｒｕｅ
ｖａｌｕｅ、ＷｅａｌｓｏｏｂｓｅｒｖｅｔｈａｔｔｈｅｓｔａｎｄａｒｄｄｅｖｉａｔｉｏｎｂｙＢｅｓｓｅｌＦｏｒｍｕｌａｏｆｔｈｅ“Novel，，
ｍｅｔｈｏｄｉｓｌｅｓｓｔｈａｎｔｈａｔｏｆｔｈｅ“Ｍｅａｎ，'ｏｎｅｅｘｃｅｐｔＴａｂｌ，ｗｈｉｃｈｓｈｏｗｓｔｈｅｄｅｖｉａｔｉｏｎｏｆｔｈｅ
ｎｅｗｍｅｔｈｏｄｉｓｓｍａｌＬＴｈｅＧｒｅｙＳｔａｎｄａｒｄＤｅｖｉａｔｉｏｎｏｆｔｈｅ“Novel，，ｍｅｔｈｏｄｉｎＴａｂ､１ａｎｄ
Ｔａｂ３ｉｓａｂｉｔｌａｒｇｅｒｔｈａｎｔｈａｔｏｆｔｈｅ``Ｍｅａｎ，，ｏｎｅＡｓｆＯｒＴａｈ２ａｎｄＴａｂ４ｔｈｅｃａｓｅｉｓｑｕite
differentbecausetheGreyStandardDeviationofthe“Novel，'ｍｅｔｈｏｄｉｓｍｕｃｈｓｍａｌｌｅｒｔｈａｎ
ｔｈａｔｏｆｔｈｅ“Mean，'one，
ＷｅｎｏｔｉｃｅｔｈｅｒｅｓｕｌｔｓｏｆｔｈｅＧｒｅｙＳｔａndardDeviationbothfbrthe“Novel',ｍｅｔｈｏｄａｎｄ
ｔｈｅ“Ｍｅａｎ，'ｍｅｔｈｏｄｉｎｔｈｅｔａｂｌｅｓａｒｅａｌｌｓｍａｌｌｅｒthantheBesselstandarddeviationｅｘｃｅｐｔ
ｆＯｒｔｈｅ“Novel，，ｍｅｔｈｏｄｉｎＴａｂ４，whichisalittledifferent・Ｔｈｉｓｓｈｏｗｓｔｈｅｓｔａｎｄａｒｄ
ｄｅｖｉａtioncalculatedbytheGreyestimatｉｏｎｍｅｔｈｏｄｉｓｍｏｒｅａｃｃｕｒａｔｅｔｈａｎｔｈａｔｏｆｔｈｅ
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